The volume fraction of the resin F must be input into the simulation codes. It is assumed that each of the three components decompose according to the kinetic reaction described by
The decomposition rate constant k,, must be accurately determined to calculate the material ablation rate.
Thermogravimetric Analysis
The material ablation process is quantified in terms of the conversion weight fraction C, which is the fraction of material already converted or decomposed at any instant in time. 9'19For a given sample of material, the conversion weight fraction is defined by
The decomposition rate of a material is a function of a temperature-dependent rate constant and the degree of conversion (or weight loss) s'_9
The temperature is assumed to be a linear function of time and the specified heating rate
The rate constant is assumed to be represented by the Arrhenius form sA4":_°k
Substituting Eqs. (5) and (6) ,oto.d
The TGA system monitors the weight of a sample as it is heated isothermally or at a specified heating rate. The isothermal approach is often avoided because it is impossible to instantaneously raise the material to the desired temperature before some initial weight loss occurs/Therefore, the specified heating rate approach is generally used. The most common output from the TGA system is a thermogram, which is a plot of the percent of material remaining versus temperature. Figure  2 shows a typical thermogram for phenolic resin SC1008 heated at a rate of 20°C/min. Each region of slope change (indicated as A, B, and C) on the curve corresponds to an area of rapid weight loss. Typically, these areas represent different reactions t_ king place in the material as it is heated. By taking the time dcrivative of the curve, as plotted in Fig. 3 , the different reac-ions can be seen more clearly as inverted peaks. If the re lction rate continues to decrease with decomposition, the r_ te of conversion is proportional to the amount of remaining _ondegraded material, 9'14't9described by 
where x = EIRT. The integral in Eq. (10) cannot be evaluated directly and the value of p(x) must be estimated.
Taking the log of Eq. (10) yields
( 1 1) Doyle z_ found that for E/RT >--20, log p(x) may be approximated at a constant percent conversion by
Doyle's calculations show that the value of the coefficient, 0.457, does not vary more than +--1% over the range 29 <--E/RT <--42. Substituting
Eq. (12) into Eq. (11) and differentiating at a constant percent of conversion, i.e., C = const, yields
The bracketed term in Eq. (14) can be obtained from TGA data as the slope of a plot of log(q) versus lit at a constant degree of conversion. 
Experimental Procedure
For this study, 10 pellet samples of neat polymeric resin, Borden SC 1008, were heated to 1000°C at each of three different heating rates of 5, 10, and 20°C/min. These heating rates were chosen based on manufacturer's recommendations. 22 In addition, temperature errors associated with the use of pellets is minimized with low heating rates. Argon was used as the sample purge gas at a flow rate of 20 cc/min. The samples were cured at 121°C and ambient pressure.
To minimize errors caused by sample nonuniformity, variations in resin pellet weight were kept as small as possible.
The TGA manufacturer recommended that the variance in sample weight be no more than _+20%. 22 For this study sample weights were held within _+0.6 of 10 mg or +6%. To eliminate moisture samples were held at 100°C for 10 min and then reweighed.
This new dry weight was input to the TGA as a basis for the weight-loss thermograms.
The Although there has been one documented study that indicated correlated precision terms can be significant, 3_ these terms are typically assumed to be insignificant and are neglected in this paper.
The precision uncertainty is estimated for large sample sizes of 10 or more. Also, the result of activation energy is averaged from several trials. Therefore, the precision uncertainty in the average activation energy is 3_
Based on the calculated bias and precision uncertainties, the uncertainty in the mean activation energy /_ is Ut = (B_ + p_)l/2 (26)
Results and Discussion
The effects of uncertainty in activation energy determined by TGA for the decomposition of a polymeric neat resin was assessed.
Ten samples of neat resin (Borden SC1008) were heated to 1000°C for each of three different heating rates to obtain a thermogram of weight loss versus temperature. Activation energies obtained from the Flynn and Wall method and a modification of this method, where the ordinate and abscissa in the regression are reversed, were each examined. Additionally, uncertainties associated with the experimental approach were investigated.
Finally, the effect of uncertainty in activation energy on the ablation rate for a composite solid rocket nozzle was also investigated.
A Fortran program was developed to calculate activation energy by both the traditional Flynn and Wall and modified methods. 37 The program was structured to read temperature data for all three heating rates, convert to the appropriate units, and store the converted data in an array. From the partial derivatives the systematic and correlated bias uncertainties were then calculated by Eqs. (23-25) .
The total experimental uncertainty in E was then determined by Eq. (26).
Activation Energy Calculation
The Flynn and Wall method has been widely used in TGA instrumentation to calculate activation energy. This method utilizes the relationship between the log of the heating rate and reciprocal temperature to derive an equation for activation energy. According to Flynn and Wall t4 this relationship can best be described by a linear mathematical model. A summary plot of log(q) versus liT data for various percent conversions is shown in Fig. 5 . A linear regression method was used to determine the slope at each percent conversion. The sample r is a dimensionless quantity that describes the degree of linear association between two variables. 3s For the curve-fits in Fig.  5, r the abscissa x and ordinate y in Fig. 5 was examined. Figure 7 is a plot of I/T versus log(q). The sample r for this plot also ranges from 0.91 to 0.60 for percent conversions of 1-6%, respectively. Linear regression is again used to determine the slopes that are inserted in the bracketed term in Eq. (15) to calculate E at each percent conversion. (14) is within 4 kJ/g-mol of the mean. Using the modified method the variation in E from 1 to 6% conversion is much larger relative to the mean value. However, more significantly, the standard errors for the modified method were a factor of 3-4 times smaller than the errors calculated for the standard method. This would indicate that the modified method produces a more accurate curve fit of the TGA data. The larger variation in E over the 1-6% conversions may also indicate that the modified method is more sensitive to nonlinearity of 
